ABSTRACT A variety of traps are used for sampling, surveillance, and monitoring of mosquito vector species associated with parasite and pathogen transmission. Here, we assessed the performance of the Mosquito Magnet Independence trap with Lurex3 (MMI), by comparing its effectiveness with those of a Centers for Disease Control and Prevention light trap (CDC-LT) and CDC with CO 2 and Lurex3 (CDC-A) in a dense tropical rainforest. Multivariate generalized linear models revealed signiÞcant differences among the traps regarding mosquito composition and abundance (deviance ϭ 768; P ϭ 0.016). Variance analyses indicated that the MMI captured signiÞcantly more mosquitoes compared with CDC-LT (P Ͻ 0.01) and CDC-A (P Ͻ 0.03). The abundance values did not signiÞcantly differ between the CDC-LT and CDC-A traps (P ϭ 0.7). Mosquito species richness was higher from the MMI than from the CDC-LT and CDC-A traps. Furthermore, medically important mosquito species captured by the three traps showed high association with MMI. These results suggest the potential to use the MMI in studies aiming to obtain entomological surveillance information about medically important mosquitoes that occur in tropical rainforest areas. The MMI could also be used in faunal studies focusing on increasing knowledge about mosquito diversity. Considering the present positive results, the effectiveness of the MMI should additionally be evaluated in other Brazilian natural ecosystems. Further studies are also needed to address demographic data from the mosquito population sampled by the MMI.
In entomological surveillance, populations of mosquito vectors and the pathogens that they might transmit are generally monitored using several techniques and automatic traps to collect females. For example, Centers for Disease Control and Prevention light traps (CDC-LT) have been largely used worldwide in studies of mosquito vector species in natural environments (Hutchings et al. 2005 (Hutchings et al. , 2011 (Hutchings et al. , 2013 Laporta and Sallum 2011) , rural areas (Forattini et al. 1978 , Cardoso et al. 2011 , and urban areas (Reisen et al. 1991) . Other studies have compared the performances of distinct mosquito magnet models with human landing catch collections in malaria endemic areas of French Guiana (Dusfour et al. 2013) and Venezuela (Rubio-Palis et al. 2012) . In rural areas of the Atlantic Forest domain in Brazil, the performance of the Mosquito Magnet Independency (MMI) trap was compared with the use of CDC-LT and CDC plus Lurex3 and CO 2 (CDC-A) as attractants (Sá and Sallum 2013) .
Multiple studies have demonstrated that mosquito trap effectiveness is often related to the kairomone used with the trap (Kline and Lemire 1998 , Dennett et al. 2004 , Siphiprasasna et al. 2004 , Williams et al. 2006 , Njiru et al. 2006 , Kitau et al. 2010 . Accordingly, Brown et al. (2008) observed that surveys conducted using semiochemical-associated traps are as effective as traps baited with vertebrates. The effectiveness imparts the trapÕs ability to obtain information about species richness, abundance, distribution, and diversity among the major taxonomic groups present in the sampled community. In addition, an effective trap removes the largest possible amount of vector mosquito from the environment and samples representative populations of Culicidae from the area. Trap effectiveness is directly affected by the collection method, the kind of mosquito attractant used, and the environmental characteristics and behavior of the mosquito species present, justifying the development of studies to evaluate distinct collection methods. Thus, it is important to use standardized methods for sampling Culicidae populations to enable direct comparison of information obtained from distinct studies. The current study aimed to compare the effectiveness of a MMI trap with those of CDC-LT and CDC-A. We tested the hypotheses that MMI has a higher effectiveness and provides stronger knowledge of mosquito vector species biodiversity compared with CDC associated with chemical attractants and CDC-LT. The study was conducted in a preserved tropical rainforest in the southeastern region of the Atlantic Forest.
Materials and Methods
Study Area. The study was conducted in a wellpreserved portion of the Atlantic Forest, situated in the mainland area of the municipality of Canané ia (Fig. 1) . The Atlantic Forest extends along the east coast of Brazil, with its north limit in the state of Rio Grande do Norte and its south limit in the northeast of Rio Grande do Sul (Galindo-Leal and Câmara 2003) . Because of human activities that started with the European colonization in the 16th century (Dean 1995) , the Atlantic Forest has undergone massive and intensive ecological changes. It is currently estimated that 11.4 Ð16.0% of the original forest cover remains, with Ͼ80% of this remaining forest existing as fragments with areas Ͻ50,000 m 2 (Ribeiro et al. 2009 ). The Canané ia region exhibits vegetation composed of dense ombrophilous, mountainous, and submountainous forests intermixed with lowland forest, mangroves, restinga forest (Lacerda et al. 1984) , and agriculture (Silva and Casteleti 2005) . According to the Kö ppen classiÞcation (Trewartha and Horn 1980) , the Ribeira Valley climate is Cwa, i.e., subtropical humid with a moderately dry winter and a warm humid summer. Study Design. Mosquito collections were conducted monthly over the course of 1 yr. A Latin square design was used to avoid potential biases due to characteristics associated with the trap locations (Nogueira et al. 2000) within a heterogeneous forest. Inside the forest, we selected three locations that were separated from each other by Ϸ1 km. Each trap was installed at a different collection site, at Ϸ0.80 cm above ground, and they were switched among the three locations over consecutive days. The traps were left running for 6 h per day (installed at 1500 hours and removed at 2100 hours), totaling 18 h per month for each trap.
Mosquito Traps. The CDC-LT (BioQuip, Rancho Dominguez, CA) was developed by Sudia and Chamberlain (1962) , and has been used in association with several kinds of chemical attractants to increase its effectiveness. In the current study, we evaluated a CDC-LT, (CDC-A) , and MMI (Woodstream Corporation, Lititz, PA) with CO 2 plus Lurex3. The CO 2 used in the CDC was obtained from a compressed gas cylinder with a controlled ßow rate of 500 ml CO 2 per minute. The release of the CO 2 in the trap was controlled by a low- pressure valve (Swagelok, Essex Junction, VT), as suggested by Laporta and Sallum (2011) . The amount of gas released per minute was veriÞed before each Þeld collection.
Entomological Data. The Þeldwork was conducted monthly over the course of 1 yr from December 2010 to November 2011. Sampling was performed during three consecutive days, representing 216 h of sampling effort per trap per year. The traps were placed in areas of dense forest, located in the mainland of the municipality of Cananéia (25Њ 00Ј53Љ S, 47Њ 55Ј36Љ W, South American Datum 69) on the southeastern coast of São Paulo state, Brazil (Fig. 1 ). Mosquitoes were identiÞed at the species level, when possible, using taxonomic keys proposed by Lane (1953) and Forattini (2002) .
Data Analysis. We compared the effectiveness of MMI to that of CDC with attractants based on species richness, total abundance, diversity indices, and species composition. Data from the CDC-LT was used as baseline for the odds ratio analysis. Trap performances were compared using the following distinct methodological approaches: 1) sample sufÞciency was veriÞed by the curves of the collector; 2) box-plot graphs were used to visualize between-trap differences between mosquito abundance and species richness; 3) a Venn diagram was used to show the fauna composition speciÞc to each trap; 4) indices of diversity (Margalef, Shannon, Simpson, BergerÐParker, and Pielou) were estimated for each trap; 5) analysis of variance (oneway ANOVA) with TukeyÕs corrections was performed to compare the levels of diversity, richness, and abundance among the traps; and 6) the distribution of abundance was assessed using multivariate generalized linear modelsÑas recently described by Warton and Hudson (2004) and Warton (2008) Ñto check the effects of traps and the study design (Latin square) on the mosquito abundance distribution.
Odds ratio values were used to address statistical associations among the traps and relative abundances of species grouped by their respective taxonomic tribes. The CDC-LT was used as the baseline for the analysis. Accordingly, an odds ratio of 1 indicated no association between the mosquito trap and the sampled species, an odds ratio of Ͼ1 showed a positive association, and an odds ratio of Ͻ1 indicated a negative association. Data were analyzed using the R statistical package for Windows version 3.0 (available at http://www.r-project.org; R Project for Statistical Computing, Vienna, Austria), and with the following packages: BiodiversityR (Kindt and Coe 2005) , mvabund (Warton 2008) , venneuler (Chen and Boutros 2011) , and vegan (Oksanen et al. 2008) .
Results
Together, the three traps sampled 9,129 mosquitoes. The MMI trap captured 5,477 individuals, the CDC-A trap captured 2,284, and the CDC-LT captured 1,368. The mosquitoes belonged to at least 14 genera and 76 species. Table 1 presents the species and the total numbers of specimens collected by each trap. Each trap type damaged some of the collected mosquitoes, including 302 (5.50%) in MMI, 38 (2.78%) in CDC-LT, and 155 (6.79%) in CDC-A. Among the 9,129 collected mosquitoes, 9,057 (95%) were females and 72 males. Of the captured males, 69 were sampled by the CDC-LT and 3 by the MMI. Undamaged mosquitoes were identiÞed to the species level or were grouped by genera, subgenera, or taxonomic units (Table 1) . A taxonomic unit was deÞned as a group of mosquitoes that shared morphological similarities with other taxa. This categorization was adopted to avoid excluding a signiÞcant number of females from the analyses because accurate species identiÞcation depended on male genitalia traits.
Sampling effort was assessed using a collectorÕs curve that showed the number of new reported species per trap or collection relative to the accumulated hours that each trap was left running. The MMI nearly reached stabilization (63 species) in 126 h, the CDC-A (34 species) in 162 h, and the CDC-LT (35 species) in 198 h (Fig. 2) . The monthly average number of mosquitoes captured by each trap was 456 for the MMI (25 individuals per hour), 190 for the CDC-A (10 individuals per hour), and 114 for the CDC-LT (6 individuals per hour). Among all sampled mosquitoes, Culex sacchettae Sirivanakarn & Jakob was the most abundant species (37.1%, n ϭ 3,201), followed by Coquillettidia chrysonotum (Peryassu) (13.2%, n ϭ 1,141). The relative abundances were Ͼ5% for Wyeomyia confusa (Lutz) (9.1%, n ϭ 789), Anopheles bellator Dyar & Knab (6.4%, n ϭ 557), and Anopheles cruzii Dyar & Knab (6.2%, n ϭ 536), whereas the remaining 71 species were represented in lower proportions, including 19 taxa that were singletons.
The MMI exhibited the highest richness values, sampling 63 species, while the CDC-LT and CDC-A captured 35 and 34 species, respectively. Table 2 presents the values of the diversity indices of Margalef and Shannon, Pielou equity index, and dominance (BergerÐParker index). The highest values were obtained with the MMI. Analysis of the Pielou equity index showed a more even species composition with the CDC-A compared with MMI and CDC-LT. However, the one-way ANOVA using TukeyÕs multiple comparison tests revealed that the differences in Pielou index estimated for each trap were not statistically signiÞcant. The box-plot in Fig. 3 shows the variations in abundance and diversity index values, and the Venn diagram in Fig. 4 illustrates the species that were sampled by only a single trap compared with those that were collected in at least two different traps. Sixteen species were found in all three traps, 17 were common to CDC-A and MMI, 7 occurred in CDC-LT and MMI, and none were collected by CDC-A and CDC-LT but not MMI.
The Ré nyi series curves (Fig. 5) show diversity proÞles, suggesting that the MMI had the highest richness values (alpha ϭ 0). The variance analysis assessing the signiÞcance of differences between the estimated proÞles demonstrated that the estimated richness by sampling with the MMI was signiÞcantly higher than that obtained with the CDC-LT (F 2, 12 ϭ 11.03; P Ͻ 0.001). In contrast, the difference between the CDC-A and CDC-LT were not signiÞcant (P Ͼ 0.5).
Comparing the values of abundance in ␣ ϭ 1 (corresponding to the Shannon index), the CDC-A proÞle was statistically different (F 2, 12 ϭ 10.9; P ϭ 0.009) from that obtained with CDC-LT; however, the CDC-A and MMI proÞles were similar (P ϭ 0.35). In ␣ ϭ 2 (corresponding to the Simpson index), the differences between MMI and CDC-LT were statistically signiÞcant (F 2, 12 ϭ 7.6; P ϭ 0.001), while those between MMI and CDC-A were not signiÞcant (P ϭ 0.6). The performance of the CDC-A did not signiÞ-cantly differ from that of the CDC-LT (P ϭ 0.022). The BergerÐParker indexÑ corresponding to "inf" in the Ré nyi seriesÑsigniÞcantly differed between the MMI and the CDC-LT (F 2, 12 ϭ 4.8; P ϭ 0.01). Results of the TukeyÕs multiple comparison tests showed that the observed differences between CDC-A and CDC-LT (P ϭ 0.06) and between CDC-A and MMI were not statistically signiÞcant (P ϭ 0.82). Examination of the distribution of species grouped by taxonomic tribes revealed that the 3,443 collected Culicini represented Ϸ40% of the total specimens captured, followed in prevalence by the Sabethini (18%) and Aedini (15%). Figure 6 shows that the MMI performed better for sampling species of the Sabethini (F 2, 12 ϭ 7.2; P Ͻ 0.01), whereas CDC-LT was more effective for Uranotaeniini species (F 2, 12 ϭ 8.8; P Ͻ 0.001). Results of variance analysis, one-way ANOVA with TukeyÕs correction showed that the traps had similar performance (P Ͼ 0.05) regarding the Culicini, Aedini, Mansoniini, and the subfamily Anophelinae Meigen, i.e., differences among them were not statistically signiÞcant.
The abundance and accumulated richness values obtained for each trap separated with the two major climate conditions, i.e., the dry (from June to November) and rainy months (from December to May). The traps showed distinct performances in these two seasons, likely associated with the accumulated rainfall. In the dry months, accumulated monthly rainfall was Ͻ200 mm, which led to lower mosquito abundance (661 individuals) and accumulated richness (32 species) (Fig. 7) . In the rainy months, the monthly accumulated rainfall was Ն200 mm, and higher abundance (3,821 individuals) and accumulated richness (42 species) were observed (Fig. 8) . However, when considering each trap separately, we found that the performance of the MMI was higher in the rainy months (Fig. 8) , whereas mosquito abundance was similar among all traps during the dry months (Fig. 7) . The greatest difference was observed in the species richness, with the MMI showing better performance compared with the CDC-LT (F 2, 12 ϭ 10.7; P Ͻ 0.001). However, the difference between the CDC-A and CDC-LT (P ϭ 0.13; Fig. 7) was not statistically signiÞcant.
Results of multivariate analysis using generalized linear models revealed statistically signiÞcant differences in the number of captured Culicidae among the traps (deviance ϭ 768.4; P ϭ 0.016). CDC-LT removed 1,368 (14.98%) mosquitoes from the environment, the CDC-A removed 2,284 (25.02%), and MMI removed 5,477 (60%). The differences were not associated with the locations of trap installation (deviance ϭ 446.8; P ϭ 0.102). Odds ratios were calculated to assess the strength of association between each trap and each species of importance to public health. The CDC-LT was used as the baseline (OR ϭ 1) to evaluate the "presence" and "absence" of species collected in the MMI and CDC-A traps. Our results showed that the presence of An. bellator (OR Ͼ 1; CI: 18.2Ð 424.6), a vector of Plasmodium Marchiafava & Celli; An. cruzii (OR Ͼ 1; CI: 15.0 Ð309.6), a vector of Plasmodium spp. and arbovirus; and Psorophora ferox (Von Humboldt), a vector of arboviruses; (OR Ͼ 1; CI: 1.3Ð15.6), were positively associated with the MMI. Aedes scapularis (Rondani) (OR Ͼ 1; CI: 1.7Ð13.6) was associated with CDC-A traps. This species is a vector of arboviruses and Dirofilaria. Aedes serratus (Theobald), a vector of arboviruses (Vasconcelos et al. 1991) , was not associated (OR ϭ 1) with any trap. We only collected low numbers of the other medically important vector species Aedes albopictus Skuse, Culex nigripalpus Theobald, and Mansonia titillans (Walker), and thus we did not examine potential associations between those species and the traps. Among other species with relative abundances Ͼ1.5% ( (Forattini 2002) .
To test whether the strength of association indicated by the odds ratio values was associated with the trap locations or the traps themselves, a second round of odds ratio analysis was performed using the most abundant species (Table 3) . The odds ratios showed that the high abundance of Cx. sacchettae (BergerÐ Parker ϭ 0.37) was not positively associated with both CDC (OR ϭ 1, 2 ϭ 0.2) and MMI (OR ϭ 0.04, 2 ϭ 0.1). This species is a vector of arboviruses (Iversson 1994) . Furthermore, a multivariate analysis using generalized linear models showed signiÞcant positive associations between trap locations and Cx. sacchettae (deviance ϭ 13.9; P ϭ 0.006), An. cruzii (deviance ϭ 25.8; P ϭ 0.002), Li. flavisetosus (deviance ϭ 16.5; P ϭ 12 species) ; B, CDC-A (n ϭ 1 species); C, MMI (n ϭ 23 species); AB, intersection A പ B (n ϭ 0 species); AC, intersection A പ C (n ϭ 7 species); BC, intersection B പ C (n ϭ 17 species); and ABC, intersection A പ B പ C (n ϭ 16 species). Species were sampled in the region of the municipality of Canané ia, within the Atlantic Forest biome of southeastern Brazil.
Fig. 5. Diversity proÞles of CDC-LT (A), CDC-A (B)
, and MMI (C) obtained using the Ré nyi Series. For the parameter ␣ ϭ 0, the value of diversity is equal to the number of sampled species. For ␣ ϭ 1, the value of diversity is equivalent to the Shannon Index (natural logarithms). For ␣ ϭ 2, it is equivalent to the value of the Simpson index. The term ␣ ϭ Inf value refers to the BergerÐParker index. 0.002), Ae. scapularis (deviance ϭ 31.5; P ϭ 0.002), An. bellator (deviance ϭ 10.4; P ϭ 0.018), and Wy. confusa (deviance ϭ 25.0; P ϭ 0.002).
Discussion
The results of the present analyses indicated that the MMI trap had a higher effectiveness than the CDC-LT and CDC-A traps when used in areas of dense forest within the Atlantic Forest biome. Sá and Sallum (2013) obtained similar results, using the same traps in rural areas of the Ribeira Valley in the southeastern Atlantic Forest. Thus, the MMI trap is more effective than the CDC-A and CDC-LT traps at capturing mosquitoes in a tropical rain forest and in deforested rural areas within the same biome. Furthermore, the present Þndings also indicated that the MMI trap could be used in studies focusing on certain vector species, and for monitoring mosquito populations of interest in public health within rural and forest environments. It has also been shown that another model of Mosquito Magnet Pro performs better than CDC-LT (P Ͻ 0.01) for surveillance of mosquito vector species at the Bronx Zoo in Bronx, NY (Brown et al. 2008 ). The area occupied by the zoo is considered an island of deciduous forest and therefore has the potential to maintain enzootic cycles of arboviruses. Thus, the zoo is constantly subject to entomological surveillance for monitoring vector species of the West Nile virus (Brown et al. 2008) .
Several models of mosquito magnet have been constructed with the purpose of removing mosquitoes from human environments (Rubio-Palis et al. 2012) , and multiple studies have addressed the potential of using the mosquito magnet for entomological surveillance (Pucci 2003 , Xue et al. 2010 , Kitau et al. 2010 , Sá and Sallum 2013 . Kitau et al. (2010) tested the effectiveness of the Mosquito Magnet Liberty Plus with Lurex3 combined with chemical mosquito repellents in humans in Tanzania. They found a signiÞcant reduction in Culex quinquefasciatus Say and Anopheles gambiae Giles biting rates. The authors deÞne the study design as an experimental "pushÐpull" model, with repellents reducing contact between humans and mosquitoes and the mosquito magnet removing them from the household environment. Regarding the use of mosquito magnet traps for surveillance, Rubio-Palis et al. (2012) show that the mosquito magnet can be used to replace human landing collections if the major focus is to assess the involvement of mosquito species in the dynamics of pathogen transmission to humans.
In the Atlantic rain forest, we found that the CDC-LT effectiveness was not comparable with that of the MMI. However, the CDC-LT more broadly sampled the mosquito diversity by collecting a greater number of genera and tribes. Furthermore, one must consider other features related to the use of CDC-LT for mosquito biodiversity assessmentÑfor instance, a CDC-LT showed advantages over mosquito magnet traps with regard to its ease of handling in remote areas, and its increased installation options in the Þeld, particularly in the tree canopy and in terrains with variation in elevation and slope. In the current study, members of the Uranotaeniini, which feed on amphibians , were collected only in the CDC-LT. Overall, trap selection should be based on the major objectives of the study, considering whether the goal is to sample a focal species or groups of focal species. In addition, it should be noted that the same attractants used in the MM can be used in CDC-LT to increase the chance of collecting mosquitoes. Laporta and Sallum (2011) demonstrated that CDC traps with CO 2 and 1-octen-3-ol could be used in studies focusing on daylight mosquito communities.
Forested areas on the southeast Atlantic coast are subject to extractive activities, ecotourism, and rural tourism, whichÑin association with the social and ecological conditions of the areaÑfavor diverse communities of mosquitoes. Among the species occurring in the region, some are zoophilic, while others are both anthropophilic and zoophilic (Forattini et al. , 1989 . This highly diverse mosquito assemblage contributes to the exposure of humans to pathogens that circulate in sylvatic cycles, which can lead to spillover of pathogens to rural and urban areas as a consequence of environmental changes caused by human activities (Hotez et al. 2008 ). In the current study, the MMI and CDC-A captured species with the potential to transmit pathogens to humans. For instance, the MMI was positively associated with Anopheles (Kerteszia) mosquitoes that are vectors of Plasmodium parasites in the Atlantic Forest (Marrelli et al. 2007 ). An. cruzii was also involved in the transmission of the Tacaiuma virus (Karabatsos 1985) . The CDC-A was positively associated with the tribe Aedini, and captured species that have been involved in arbovirus transmission (Forattini et al. 1978) . For instance, the Aedini species Ps. ferox and Ae. scapularis have been incriminated as vectors of the Rocio virus (Forattini et al. 1978, Lopes et al. 1978 , Mitchell et al. 1986 ). In the current study, the latter species was positively associated with CDC-A, whereas the chance of sampling Ps. ferox was higher with MMI.
Despite the good performance of the MMI, this trap did not sample all species that have been previously recorded in the southeastern Atlantic Forest. In Cananéia, Gomes et al. (1987) (Lutz) . However, their study differed from ours with regard to collection effort relative to collection time. It is plausible that some species collected by Gomes et al. (1987) peaked at night, whereas others were daylight mosquitoes. Therefore, we cannot determine whether the presently tested traps were efÞcient for sampling the existing mosquito community in the area because the uncollected species could be a consequence of the collection time.
Climatic factors during the sampling period inßu-enced both the dynamics of mosquito and the performance of traps. In periods with high temperature and rainfall, higher numbers of specimens were captured in all traps. However, MMI collected a higher number of mosquitoes than the CDC-A and CDC-LT at all times of the year, including in the winter when temperatures and humidity decreased. Climate factors, such as temperature and precipitation, may inßuence Culicidae population dynamics and interfere with behavior of vector species (Reiter 2001) . Thus, climate and environmental conditions must be considered both in the selection of semiochemicals that will be used in traps as well as in the data analyses. In particular, under climate conditions that hinder kairomone dispersion, one should consider other mechanisms that might be more efÞcient to attract mosquitoes in the focal area.
Overall, the current study results indicate that the MMI has potential to be useful for entomological surveillance. In particular, the trap can be used in studies that focus on investigating Culicidae fauna from tropical rain forests.
